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Experiments at TA-55 have used optical pyrometry to measure 
temperatures of shocked plutonium on the 40mm gun  
Researchers at LANL, along with collaborators from 
MSTS, have worked for more than a decade to develop 
and implement an optical pyrometry method to measure 
the temperature of metals shocked to the high pressures 
and temperatures.  Because traditional shock wave 
measurements only provide information on the 
mechanical state of the material, temperature 
measurements are required to validate and improve 
equation-of-state (EOS) models for materials. The 
conditions sampled are complex; commenserate with 
those found in planetary impacts, and accressed by 
conventional and nuclear weapons. Optical pyrometry is 
currently the best available method for inferring the 
temperature of shocked metals, by careful measurement 
of the calibrated radiance emitted by a surface at finite 
temperature.  These measurements are difficult often 
complicated by the short time scales associated with 
shock wave experiments (<1 µs) coupled with the many 
sources of non-thermal light (impact flash, fracture light, 
etc.) that pollutes the radiant light measured from the 
sample.   

First successful temperature 
measurement at TA-55 
Over 2 years, the TA-55 pyrometry team executed a plan 
of work to qualify the Compact-6 pyrometer, complete 
prove-out experiments at LANL’s Dynamic Equation-of-
State (DEOS) facility on other metals, and implement the 
system within TA-55.  In July of 2020, the Compact-6 was 
installed in the control room, followed by the first dynamic 
radiance measurement on plutonium in November 2020.  
This work represents a multi-year effort to meet an FY21 
Level 2 milestone for the Dynamic Materials Properties 
Program, and supports a collaborative tri-lab temperature 
measurement effort. The ability to routinely measure 
temperature in shock metals represents a significant step 
forward in efforts validate multi-phase equations of state, 
and to modernize the LANL’s TA-55 40mm gun – a 
signature national facility for plutonium studies.  The data 
obtained will have a significant impact on our predictive 
capabilities for simulating weapon physics performance. 
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Figure 1. Photo of the TA-55 40mm gun and glove box (Left) and the 40mm 
powder gun at DEOS (right).   The DEOS 40mm gun is the test bed for 
developing new experiments and diagnostics prior to being conducted on the 
TA-55 40mm gun.  

Figure 2.  Example optical pyrometry experiment.  (Left) Experiment 
configuration showing an impactor impacting a Ce sample.  A multi-fiber 
pyrometry and velocimetry probe couples light to a multi-channel pyrometer 
to measure the radiant light from the Ce-LiF interface.  (Right) Published 
radiance data and velocimetry shown on the right for shocked cerium. Phys. 
Rev. B. 102, 214105 (2020). 


